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I. INTRODUCTION 
1 
Thi s study was in it iated to determine the response 
of corn seedl ing growth to environmental condit ions with 
emphas is pl aced on soi l  and a ir temperatures .  Three 
environmental variabl es are cons idered most important to 
plant growth and these are temperature , l ight , and 
mo i sture . Temperature i s cons idered the most important 
of these three variables . However ,  plant response to 
temperature , l ight , or mo i s ture condit ions wi l l  be 
in fluenced by other env i ronmenta l factors . Another 
variabl e a f fect ing pl ant growth wh ich should be cons id­
ered is init ial pl ant s i z e  andjor plant stage o f  deve l ­
opment for any given measuring period . A quest ion that 
ari ses i s do any of these variabl es have a greater 
e f fect than the others . As spring progresses environ­
ment and pl ant s i z e  are chang ing and the e f fect of  these 
changing conditions mus t  be cons idered when eva luat ing 
growth . Pl ant respons e  wi l l  a l so be a f fected by inter­
act ions occurring between envi ronmenta l var iabl es . 
The object ives o f  thi s study were to determine the 
e f fects of temperature and the interact ion of tempera­
ture with other c l imat ic variab l es on corn seedl ing 
growth . A corn seedl ing i s de f ined as a vegetat ively 
growing pl ant whose growing po int is st i l l  located 
beneath the so i l �urface . 
II . LITERATURE REVIEW 
2 
Temperature has l ong been recogn i zed as the primary 
env ironmental d�terminant of the rate at which p l ants 
devel op ( Ong , 1 9 8 3 ) . Early gro�th of corn , a warm season 
p l ant , i s favored by rel at ively warm so i l . temperatures . 
However , the mean da i ly so i l  temperature ( 1 0 to 1 5  em 
depth ) from mid-May to mid-June in northern and central 
port ions of the corn be l t  is from 9 to 1 5 °C l ess than the 
opt imum for corn growth ( Mederski and Jones , 19 6 3 ) . 
S o i l  temperature has a particularly large e f fect on 
ma i z e  seedl ing growth wh i l e  the shoot apex is  located 
be l ow the soil  surface ( Wa l ker , 1 9 6 9 ) . The plant organ 
o f  interest in the study of p l ant-temperature rel a-
t ionships involv ing corn growth i s  most o ften the 
ap ical meristem . The meri stematic shoot region i s  
l ocated just beneath the so i l  surface during early corn 
pl ant devel opment . Both a ir and s o i l  temperature s wi l l  
in f luence the apical region o f  a corn pl ant because the 
sta lk i s mostly water wh ich serves as a good heat 
conductor ( Beauchamp and Torrance , 19 69 ) . Beauchamp 
and Torrance ( 19 6 9 ) imposed root z one temperatures o f  
0 1 5  or 2 5  c to corn pl ants devel oped to the 6 - to 8 - l eaf 
stage in a greenhouse .  A di rect influence o f  both 
3 
aerial and root zone temperatures on plant shoot 
devel opment was found . When a ir temperatures were 
greater than so il  temperatures there wa s an increas e  in 
stalk temperatur� wh ich resulted in a temperature 
increase of 1 to 2°C in the meri stematic reg ion . · 
Opt imum temperature s  for corn s eedl ings have been 
de f ined a number o f ways . Lehenbauer ( 1 9 1 4 ) , one o f  the 
f irst to de f ine temperature opt imums , found 3 0  to 32°C to 
be opt imum when both the a i r and nutrient solut ion were 
ma inta ined at the same temperature . Few stud ies have 
examined corn seedl ing growth when root temperatures 
have varied independentl y  o f a ir temperatures .  
Dickenson ( 1 923 ) ma inta ined constant a i r temperatures , 
varied root zone temperatures , and found opt imum growth 
occurring between so i l  temperatures of 24 and 28 °C .  
Knol l  et -a l . ( 1 9 6 4 ) observed the e f fect o f  root zone 
temperature on early growth o f corn and concluded there 
was no detectabl e spec i f ic stage o f  early corn growth at 
which root zone temperature proved most crit ical . 
The e f fect o f  soi l  temperature on corn . growth has 
been studied in the field through alterat ion of so i l  
temperature by app l icat ion o f  crop res idue mulches , by 
variat ions in microreli e f  and ·by art i f ic ial means such 
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as heat tape and pl astic mul ches ( Al lmaras et al . ,  
1 9 64 ) . Such field practices cause only -smal l  changes 
in average so il temperature . However, sma l l  changes 
exert a large effect on early corn growth in the north­
ern United States . 
The t ime from sowing to emergence is very sens it ive 
to so i l  temperature . S tudie s  invo lving soil mulches 
( e . g . , Al lmaras et al . ,  1 9 64; Burrows and Larson , 1 9 62 ;  
Gupta et al . ,  1 9 8 3 ) . ind icate that so il temperatures 
decrease as mulch leve l increases . Emergence of corn 
seedl ings in treatments rece iving l ittle or no mulch 
occurred 5 days a fter pl ant ing . In h igh mul ch treat­
ments emergence took between 6 and 1 7  days ( Burrows and 
Larson , 1 9 62 ) . This study and other studies ( e . g . , 
Gupta et al . ,  1 9 8 1 ,  1 9 82 , 19 8 3 ; Wi l l i s and Amemiya , 
19 7 3 ) provide ev idence that so i l  temperature , decreased 
by mul ch treatments , does in f luence the emergence time 
o f corn seedl ings . 
Cal and Obendorf ( 19 72 )  used thermostat ical l y  con­
tro l l ed water tanks to s imul ate f ie l d  so il temperatures 
at d i f ferent pl ant ing t imes . They observed corn seed­
l ing response at sel ected growing medium temperature s 
and found that seedl ings emerged in approximate ly 21, 1 5  
and 5 days at soil  temperatures o f  12 , 16, and 20 °c, 
respect ively . 
Once a corn seedl ing has emerged it becomes photo-
synthet ical ly act ive . The photo synthet ic rate o f  corn 
is temperature dependent and , as with other c4 p l ants, 
decreases rap idly as a ir temperature decl ines below 
2 5°C .  At l ow temperatures, photosynthet ic rates are 
s imi lar to or l ower than that for 0c 3 pl ants ( B ird et 
al . ,  1 9 7 7 ) . Bjorkman and Pearcy ( 1 9 7 0 )  showed that at 
any given temperature the rate o f photosynthes i s per 
unit leaf area depended strongly on the temperature at 
which the plants had been grown . B ird et al . ( 1 9 7 7 ) 
found that corn leaves wh ich devel oped at a 23/18 °C 
5 
dayjnight a ir temperature reg ime were the most e f f ic i ent 
at photosynthes i s .  0 
. 
Leaves deve loped at 1 3 / 1 0  c were 
ye l l ow and photosynthes i z ed only s l owly .  Thi s would 
mean reduced growth for young corn pl ants grown in 
regions with cool spring temperatures . 
Water transport and photosynthes is are greatly-
reduced in corn at low soil t emperatures ( Anderson and 
McNaughton, 1 9 7 3 ) . Water absorption is decreased at l ow 
so i l  temperatures because o f increased v iscos ity of  
water and decreased permeab i l ity o f  roots . Th i s imp l i es  
that net photosynthes is should decrease as  transp irati on 
decrea ses as  a resul t of cool · so il temperatures .  Barl ow 
et al . ,  ( 1 9 7 7 ) found l ittl e �hange in net photosyntheti c 
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and transpiration rates at so i l temperature above 1 2 °C .  
Both processes decreased rapidly at temperatures be l ow 
1 2 °c .  Decreased photosynthetic rates result in reduced 
early spring growth for young pl ants . 
A study by Kleinendorst and Brouwer ( 1 9 7 0 )  showed 
that reducing root temperature from 2 0  to.s0c instanta­
neous ly reduced leaf growth . Increasing the temperature 
back to 2 0°C was fol l owed by instant recovery . It wa s 
suggested that these temperature change ef fects resem­
bl ed those o f temporary water stress . Their data showed 
that rate of leaf growth and water content were changed 
simultaneous ly . The growth reaction to a meristem 
temperature change was the same as the response to a 
root temperature change; however , l ea f tissue water 
content did not respond to l owering meristem tempera­
tures . At a l ow meristem temperature various 
physiol ogical activities leading to growth are reduced 
( Kl einendorst and Brouwer , 1 9 7 0 ) . 
Plant l eaf growth and devel opment is an extreme ly 
important part of corn seedl ing growth . Lea f  growth 
characteristics provide meaning fu l  parameters to the 
study o f temperature-pl ant devel opment rel ationships. 
The e f fects o f temperature on ·leaf  growth have been 
documented for a number o f crop species such as wheat 
( Triticum aestivum , L . ) ,  cucumbers ( Cucumi s  sativu s , 
L . ) ,  and dry beans ( Phaseolus vulgaris , L . ) 
7 
( Thiagarajah and Hunt , 1 9 8 2 ) . For corn , little infor­
mation is ava il able . Watts ( 19 7 1 ,  19 7 2 a )  demonstrat ed 
the expansion o f young l eaves to be ·  sensitive to
. 
the 
temperature of the l eaf tissue , the rate of transpi ra­
tion , the surrounding meristem temperature , and the 
temperature of the root system in transp iring pl ants . 
Soil temperature invariab ly fluctuates in the field and 
a lmost immediately assumes an important ro l e  in l ea f 
growth by influencing l ea f  initiation rate .  
Warrington and Kanemasu ( 1 9 8 3 )  observed leaf initiat ion 
by frequent microscopic diss ections to determine the 
number o f successive l ea f  primordia on the growing 
apex . The rate o f lea f primordium in itiation (numbe r  
o f  primordia/day ) showed near-linear responses t o  air 
temperatures within the 1 5  to 3 0 °C range . They also 
observed the l ea f-appearance rate and determined the 
rate at which successive mature leaves appeared . They 
found the rate o f l eaf appearance to be constant at any 
specif ic temperature regime , at l east for the appear­
ance o f the f irst 12 l eaves . Both l ea f- initiat ion and 
l eaf-appearance rates showed near linear increases a s  
mean a ir temperatures were increased from 1 5  t o  2 8 °C 
8 
with maximum rates occurring at 3 0  to 3 2 °C .  Watts 
( 1 9 7 2 a )  found l ea f  expansion rates to increase when a i r  
temperatures ranged from 1 2  t o  3 5 °C with maximum rates 
occurring at 3 0 °c .  
Dry matter product ion i s  a l so inf luenced by 
temperature . Pl ant development ,  the initiation and 
appearance of leaves , is favored by increas ing root 
medium temperatures . However ,  Beauchamp and Lathwel l  
(19 6 7 ) ob served that dry weights o f  shoots and roots at 
specific morphol ogical stages of deve lopment decreased 
significantly with increasing root z one temperatures 
from 15 to 2 5 °C .  Brouwer et a l .  (19 7 3 ) a l so observed the 
response of growth to an increase in temperature fro� 1 5  
0 to 2 5  C and found p l ant weights at comparabl e  stages o f  
devel opment were somewhat higher at lower temperatures . 
The majority o f temperature rel ated studies make 
observations only at constant temperatures . Warrington 
and Kanemasu (19 8 3 ) found the minimum temperature that 
a l l ows corn to grow normal ly wil l  be de fined by the 
response limits to specific day and night temperatures 
and cannot always be de fined us ing mean daily tempera-
ture .  When temperatures were kept constant both 
leaf-init iation and l eaf-appearance were l inearly 
re lated to the mean daily air temperature for thos e  
9 
constant temperature treatments . However ,  where plants 
grew under d i f ferential dayjnight temperature condi -
tions , the growth responses deviated cons iderab ly from 
l inearity . Day temperatures ranged from 1 6  to 3 8°C w ith 
photoperiods ranging from 1 2 - to 1 6-h whi le night 
0 temperatures ranged from 6 to  3 3  c .  When _temperature 
regimes had means lower than 2 0°c ,  l eaf- initiation and 
leaf  appearance rates were cons iderab ly h igher with 
d i fferent dayjnight temperature treatments than with 
constant temperature cond i t ions with the same da i ly 
means . For example , the l eaf - in itiation and 
lea f-appearance rates at 2 3 /9 °C were h igher than at 
1 6/16 °C .  The relat ive d i f ferences were sma l l er at mean 
temperatures above 2 0°C .  The growth rate relationship 
reversed with higher mean temperatures ;  i . e . , the 2 8/ 1 8  
and 3 3 /2 8 °C growth rates were general ly l ower than the 
2 3 /2 3 and 3 0/3 0°C growth rate s , respect ively .  These· 
results indicate that the in f luence o f  temperatures on  
the growth and devel opment o f corn is dependent on 
temperature extremes as wel l  as mean temperature . 
Grzes iak et al . ( 1 9 8 1 )  s tud ied the e f fects o f  
night temperature o n  the growth o f corn seedl ings . 
Pl ants were grown in growth cab inets in which a 1 4 -h 2 5°C 
day was ma inta ined and n ight temperatures o f  5, 1 0. 1 5 , 
1 0  
and 2 0°c were imposed . They conc luded night tempera-
. 0 tures be l ow 1 5  C reduced corn growth as photosynthes i s 
i s reduced because o f  delayed stomatal opening and 
reduced carbon fixation . Night temperatures above 1 5°C 
a l so s lowed growth probably due to increased dark 
resp iration . The most favorab le night temperature for 
growth was 15 °C with the t emperature ef fect evident for 
both l eaf area and dry matter product ion . 
The photoperiod interacts with temperature to 
influence corn growth . Garner and Al l ard ( 1 9 2 3 ) were 
the f irst to report that photoperiod and temperature 
a ltered the general pattern o f  vegetative growth . It 
has been shown by several workers ( e . g . , Milthorpe , 
19 5 9 ; Thiagarajah and Hunt , 1 9 8 2 ; Tol l enaar et al . , 
1979 , 19 8 4 ; watts ,  1971 , 1 972b ; Warrington and Kanema su , 
1 9 8 3 )  that at cool temperatures the plant is more 
sens itive to chang ing photoper iod .  Warr ington and 
Kanemasu ( 19 8 3 )  found photoper iod e f fects more marked 
under a cool than a warm temperature regime by observing 
increases of up to 2 0% in l ea f -appearance rate between 
1 2  and 1 6 -h photoperiods at the l ower temperature regime 
( 1 8/18 °C ) . There was no change in l ea f-appearance rates 
in the h igher temperature regime , ( 28/28 °C ) , when the 
photoperiod changed from 12- to 1 6 -h .  
III . MATERIALS AND METHODS 
F iel d  experiments were carri ed out in Morris ,  
Minnes ota on a Hamerly cl ay l oam which is cl ass i f ied a s  
an Aeriec Cal ciaquol l . A randomi z ed compl ete block 
experimental des ign was used . Pioneer 3 7 3 2 , a 1 0 5 -day 
variety , was planted at a rate o f 1 0 4 , 0 0 0  pl ants ha - 1  
1 1  
( 4 2 , 0 0 0  p lants a- 1 ) in 1 5  m rows with a 0 . 7 6 m row width . 
Fal l  t i l l age cons isted o f  mol dboard plowing and for spr ing 
t i l l age a field cul t ivator was used to prepare the s eed 
bed . Planting occurred on May 1 ,  May 15 , and June 2 5  in 
1 9 8 4  and on May 1 ,  May 2 1 ,  and June 1 0  in 1 9 8 5 . Be fore 
p l ant ing , a 2 0 0 - 1 0 0 - 0  fert i l i z er was broadcast at 1 0 4 . 2  
kg ha - 1 . Dur ing pl ant ing Las so and Lorsban were banded 
at rates of 1 . 7  and 8 . 4  kg ha- l  for weed and insect 
control , respect ively . Fol l ow ing pl ant ing , thermocoup l e s  
were pl aced w ith in rows t o  measure temperatures in the 
center of the pl ots .  S o i l  t emperatures were recorded 
hourly at depths of 5 ,  1 5 , and 3 0  em with a ir tempera­
tures be ing recorded at 3 0  and 1 2 0 em . Temperatures were 
recorded us ing model CR- 5 Campbe l l  recorders . Pr ior to 
plant ing a ir temperature s  were recorded da i ly at a he ight 
o f  1 . 2 m at a weather stati on adjacent to the research 
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s i te .  The minimum and maximum t emperatures for each day 
were then found . However , a ir t emperatures were not 
measured in 19 8 4  due to equ ipment fa i lure . Open pan 
evapo ration , incoming radi at ion and the wind run at 2 m 
were a l s o  monitored da i ly at a weather station adjacent 
to the research s ite . Da i ly observations were made to 
determ ine 5 0  and 1 0 0  percent emergence dates . Fol l owing 
emergence , neutron probe acce s s  tubes were insta l l ed to a 
depth o f 2 m and s oi l mo isture l evel s were measured 
weekly at 2 3 , 3 0 ,  5 0 , 70 , 9 0 , 1 1 0 , 1 5 0 ,  and 1 9 0  em depths 
with a Campbel l -Pac i f i c  neutron so i l  mo isture probe 
( Model # 5 0 3 ) . 
The sel ection o f a dependent crop growth var iabl e 
is a major probl em in any crop growth study . For th i s  
study , lea f area expans ion was cho sen as the dependent 
growth variab l e  to evaluate p l ant growth-temperature 
rel at ionships . Independent variab les  used were max imum 
and minimum temperatures , pan evaporation , solar rad ia­
tion , wind speed , and in it ial  leaf  area ( LAREA) . LAREA 
represents da ily measurements o f l e a f  area . Measurements 
o f  l ea f area from the prev ious day were used as the 
init ia l lea f area ( LAREA ) for RLER ( relative l ea f  expan­
sion rate ) determinations . Tab l e  1 shows abbrev iations 
used throughout th i s  document . 
1 4  
accuracy . The area o f  l eave s  5 or  6 through 8 was deter­
mined us ing a model LI - 3 0 0 0  LI -COR portabl e  l ea f  area 
meter .  Da i ly pl ant he ight and l ea f  area measurements were 
taken unt i l p lants were in the 8 - l ea f  stage whi ch was 
de f ined as the time when 8 leaves had devel oped and the 
lea f t ip o f l ea f  9 was just emerging from the whorl . Dry 
matter accumulation was determined by harvesting those 
pl ant s  which had been measured da i ly for 2 weeks . New 
pl ant s  o f approximately the same s i z e  were tagged for 
da i ly measurements during the next 2 week per iod . 
Rel at ive leaf expans ion rate ( RLER ) wh ich i s analogous 
to rel at ive growth rate was computed from da i ly l ea f  
measurements . Consecutive da i l y  measurements were used to 
determine the actual RLER in a 2 4- hour period . These 
measurements were then used with the independent cl imat ic 
variables in PROC LEAPS , a SAS s tepwi se multiple regres� 
s ion program ( Goodn ight and Spector , 1 9 8 5 ) .  The indepen­
dent variables and interact ions wh ich best expla ined RLER 
were then determined . When devel op ing pred ict ive equa­
tions the data was centered to adjust for the co l inearity 
caused by squaring or cub ing s everal of the independent 
variables . Mean min imum or maximum temperatures had to be 
subtracted from related variabl e s  in predict ive equat ions 
to reduce the e f fects of  col inear ity . Data col lect ion was 
1 5  
l imited in 1 9 8 4  due t o  wet condit ions wh ich greatly 
reduced the number of observat ions to use in statistica l 
analys is .  RLER is de fined by the equat ion 
RLER= ( ln (AREA) 2 -
l n (AREA ) 1 ) / ( t2 -t 1 ) 
where ln ( AREA ) 2 
is the natura l l ogarithm o f  the leaf 
( 1 ) 
area at a given measurement t ime ; l n(AREA ) 1 
is the natural 
logarithm o f  the leaf area o f the previous day ; t2 
is the 
day of measurement ; and t1 
i s the previous day . 
The RLER equation was devel oped from the 
instantaneous relat ive growth rate ( Hunt , 1 9 8 2 ) , 
R = 1/W * dW/dT 
where W is the total dry weight per p l ant and T is the 
time . R is the increas e  in plant we ight per unit of 
t ime . Equat ion 2 is equiva lent to 
R = d ( l og W ) /dT e 
( 2 )  
( 3 )  
and th is expression is the instantaneous rel at ive growth 
rate , R .  The integrat ion o f equat ion 3 between the 
limit s  T 1 an
d T2 l eads to 
l oge ( W2/W1
) = R ( T 2 -T 1 ) ( 4 )  
which i s the re lative growth rate and equation 4 may be 
rearranged as 
16 
Va lues o f  R can be derived by substitut ing in experimen­
tal values o f W .  Equat ion 5 was adapted to determine the 
RLER by sub st itut ing leaf area values for W and T2-T1 was 
always equal to one because only consecut ive days of 
measurement were used to prevent any averaging o f  the RLER 
over l onger peri ods o f t ime . 
IV . RESULTS AND DISCUSSION 
Climatic Changes 
The 1 9 8 5  c l imat ic changes are i l lustrated in f i gs . 
1 7  
1 a  to  d . The three pl ant ing dates resulted in di f ferent 
seed l ing environments .  F igures la and b show an increase 
in m inimum and maximum s o i l  temperatures as the growing 
season progressed . Changes in so i l  temperature at the 
5 -cm depth closely fol l owed ch�nges in a ir temperature 
( figs . 1a and b ) . The average so i l  temperatures for 1 9 8 5  
were 17 . 7 ,  18 . 8 ,  and 2 2 . 0 °c for the f irst , second , and 
thi rd p l ant ing dates respectively . The correl ati on 
coe f f ic ient between minimum and max imum temperature 
increased from 0 . 17 to 0 . 7 2 from the first to the third 
planting ( Table 2 ) . Maximum temperatures were h ighly 
-
c orrel ated with other c l imat ic vari ab les only on the 
third p lant ing date . 
Maximum , minimum and average val ues for radiat ion 
and pan evaporation during the seedl ing growth phase o f  
the three pl ant ing dates are presented in Tabl e  3 .  
Periods o f  l ow pan evaporat ion c l osely corresponded with 
periods o f  l ow incoming rad iati on ( f igs . 1c and d ) . 
The radiation and pan evaporat ion va lues were lower for 
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Tab le 2 .  Correl ation coef f ic ients between environmental 
variables , 198 5 . 
Pearson correlation coe ffic i ent/Probab i l ity>IRI under 
HO : RHO=O/Number o f observations 
Maximum 
temperature 
Incoming 
radiation 
F irst p lant ing ( May 1 )  
Min .  temp . 0 . 17 
0 . 0 0 07 
-0 . 4 3 
0 . 0 0 0 1  
4 0 2 
0 . 27 
0 . 0 0 0 1  
4 0 2 
4 0 2 
Max . temp . 
Rad iat i on 
Wind speed 
S econd pl ant ing (May 
Min .  temp . 0 . 6 0 
0 . 0 0 0 1  
177 
Max . temp . 
Rad iat ion 
Wind speed 
Third p lanting ( June 
Min .  temp . 0 . 72 
0 . 0 0 0 1  
2 3 1  
Max . temp . 
Radi ati on 
Wind speed 
2 1 )  
- 0 . 77 
0 . 0 0 0 1  
177 
-0 . 2 0 
0 . 0 072 
177 
1 0 )  
0 . 4 8 
0 . ·0 0 0 1  
2 3 1  
0 . 74 
0 . 0 0 0 1  
2 3 1  
Wind 
speed 
0 . 3 4 
0 . 0 00.1 
4 0 2  
- 0 . 2 3 
0 . 0 0 0 1  
4 0 2  
- 0 . 73 
0 . 0 0 0 1  
4 0 2  
0 . 5 0 
0 . 0 0 0 1  
177 
- 0 . 2 5 
0 . 0 0 0 8  
177 
- 0 . 77 
0 . 0 0 0 1  
177 
0 . 2 3 
0 . 0 0 0 6  
2 3 1  
- 0 . 1 2  
0 . 0 5 5 6  
2 3 1  
- 0 . 27 
0 . 0 0 0 1  
2 3 1  
Pan 
evaporat ion 
-0 . 2 3 
0 . 0 0 0 1  
4 0 2  
0 . 3 6 
0 .· 0 0 0 1  
4 0 2  
0 . 7 4 
0 . 0 0 0 1  
4 0 2  
-0 . 5 4 
0 . 0 0 0 1  
4 0 2  
0 . 3 6 
0 . 0 0 0 1  
177 
0 . 5 1 
0 . 0 0 0 1  
177 
0 . 07 
0 . 3 5 87 
177 
0 . 0 6 
0 . 4 5 9 2  
177 
0 . 6 3 
0 . 0 0 0 1  
2 3 1  
0.71 
0 . 0 0 0 1  
2 3 1  
0 . 77 
0 . 0 0 0 1  
2 3 1  
0 . 3 0 
0 . 0 0 0 1  
2 3 1  
2 3  
Tab l e 3 .  Maximum , minimum , and average values for 
rad iation and pan evaporat ion dur ing the seedl ing growth 
pha s e  o f the three plant ing dates ( 19 8 5 ) . 
- 2  Pan Radiation; kwh m evaporat ion, mm 
Planting Obs .  H igh. Low Average High Low Average 
1 .  May 1 3 0  8 . 5 4 3 . 9 5 6 . 2 5 7 . 8  2 . 1  5 . 0  
2 .  May 2 1  2 0  8 . 6 9 4 . 3 1 6 . 5 0 1 0 . 7  3 . 1  6 . 9  
3 .  Jun 1 0  1 0  8 . 8 2 4 . 67 6 . 6 0 1 0 . 6  3 . 1  6 . 9  
the f irst pl anting date than for the second and third 
p l ant ing dates . Maximum temperatures apparently were 
more dependent on incoming sol ar rad iat ion during the 
l ater pl anting period . Higher l evel s o f  incoming 
rad iat ion were rece ived during the seedl ing growth phase 
of the third pl anting . Tab l e  2 shows maximum temperature 
and incoming radiation to be h ighly correlated during the 
third planting . Minimum temperatures were negat ively 
rel ated to incoming sol ar radi at ion for the f irst and 
second planting date . The d i f f erences in the pattern o f  
correl ati ons within the three pl anting dates il lustrate 
d i f ferences in the corn seedl ing env ironments . 
S impl e correlation values showing the association 
between environmental vari able s  and RLER ( relative l ea f 
expans ion rate ) are presented in Tabl e 4 .  Correlation 
coe f f ic ients increased between minimum and maximum 
temperatures and pan evaporation progres s ing from the 
f i rst to the third pl ant ing date . The correl ation 
coe f fic ient between sol ar rad iation and pan evaporation 
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was l ow during the second p l ant ing . LAREA was found to be 
s igni f icant and negatively correl ated with. RLER for al l  
p lant ing dates . Thi s negat ive rel at ionship is l ikely 
rel ated to mature nonel ongating l eaves contributing l ittl e  
to addit ional new l ea f area . The correl ation coe f f ic i e nt 
between minimum temperature and RLER was s igni f icant for 
a l l  p lant ing dates and increas ed from 0 . 20 to 0 . 6 1 mov ing 
from the f irst to third plant ing date ( Tabl e 4 ) . 
Processes involved in leaf expans ion such a s  
l eaf- initiat ion and lea f-appearance are favored by warmer 
temperatures . 
Tab l e  4 .  S imple correlations between 1 9 8 5  RLER and 
l i sted environmenta l variab l es . 
Independent 
variables 
Minimum temp . 
Maximum temp . 
Incoming rad .  
Pan evap . 
Winds peed 
LA REA 
F irst 
r n 
* 
0 . 20 
0 . 1 0 * 
- 0 . 3 7 * 
- 0 . 22* 
0 . 42* 
- 0 . 32 
25 0 
25 0 
25 0 
25 0 
25 0 
3 6 0 
Pl anting 
S econd 
r n 
* 
0 . 4 5 * 
0 . 7 5 * 
0 . 3 7 * 
0 . 7 8 * 
- 0 . 28 * 
- 0 . 21 
129 
129 
129 
129 
129 
3 5 4  
Th ird 
r n 
* 
0 . 6 1 * 
0 . 4 0 * 0 . 1 9 * 0 . 4 1 * 0 . 0 3 * - 0 . 27 
1 5 0  
1 5 0  
1 5 0  
1 5 0  
1 5 0  
210  
* S ign i f icant di f ference at the . 0 5 probabi l ity l eve l 
2 5  
SEEDLING EMERGENCE 
The e f fects o f  planting date on time needed to reach 
1 0 0 % emergence are presented in Tab le 5 .  There were 
signif icant dif ferences in emergence time among the 
three pl ant ing dates in 1 9 8 4 . The 1 9 8 4  emergence time 
decreased from 2 0  to 1 5  to 9 days for the fir�t , second , 
and third pl ant ing dates , respectively ( Table 5 ) . The 
first pl ant ing o f  19 8 5  requ ired 1 5  days to reach 1 0 0 % 
emergence and was s igni ficantly d i fferent than the second 
and third pl ant ing dates which requ i red 9 and 1 0  days, 
respect ive ly ,  to reach 1 0 0 % emergence ( Table 5 ) . 
The Hamerly series may ho ld water or be too wet to 
bear machinery for 2 or 3 weeks _a fter a heavy rain 
( S tevens County So i l Survey , 1 9 7 1 ) . This characteristic 
during the wet spring of 19 8 4  l ed to an extreme ly late 
-
third planting ( Table 5 ) . 
Table 6 shows the so i l and a i r temperatures for the 
three pl anting dates during the seedl ing growth phas e  o f  
each pl ant ing date . The average m inimum so i l temperature 
at the 5-cm depth increased from 1 3 . 4  to 17 . 5 °C 
from the f irst to the third p lanting date . The mean 
maximum temperature a l so increas ed with later pl anting 
dates . There were distinct temperature dif ferences 
between the f irst and third pl a nt ing dates . However ,  
so i l temperatures at the 5 -cm depth for the 
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second pl ant ing were more intermed iate . Maximum tempera-
tures o f the second planting were more l ike maximum 
temperatures o f the third p l ant ing while the min imum 
temperatures were more like thos e  o f the first pl ant ing . 
I ncreased soil temperatures l ater in the spring ( Tab l e  6 ) 
reduced emergence t ime ( Tab l e  5 )  thus enabling the corn 
seed l ing to began l ea f growth and development more 
quickly a fter plant ing . 
Tabl e 5 .  Planting date , average a ir temperature , and 
days to reach 1 0 0 % emergence . 
1 9 8 4  1 9 8 5  
Ave . a i0 Ave . a i r 
Pl anting Date Days Date 0 Days_ Temp . , C Temp . , c 
F irst ( May ) 1 12 . 1  2 0 * *  1 1 8 . 3  15  S econd ( May ) 1 5  1 5 . 1  1 5 * *  21 21 . 4  9 Third ( June ) 25 23 . 2  9 1 0  20 . 2  1 0  
* *Significant di f ference a t  t h e  . 0 1 probabil ity l eve l 
1 9 8 4  LSD
_0 1
=4 . 5 6 
1 9 8 5  LSD . 0 1=2 . 17 
27 
Tabl e 6 .  High , l ow ,  and mean maximum , m1n1mum , and 
da i ly temperatures for the seedl ing growth phases o f 
the three planting dates , 1 9 8 5 . 
Temperature , oc 
S o i l  Air 
Pl ant ing - 5  em - 1 5  em 3 0  em 
F irst H igh max . 3 1 . 7 2 4 . 2  3 5 . 8  
( May 1 ) Low max . 1 7 . 0  1 5 . 5  1 5 . 0  
( 9 4  obs . ) Mean max . 22 . 1  1 8 . 9  22 . 9  
High min .  1 6 . 9  1 7 . 7  15 . 1  
Low min .  9 . 5  12 . 0  2 . 9 
Mean min .  1 3 . 4  1 5 . 0  8 . 9  
Mean da i ly 1 7 . 7  1 6 . 9  15 . 9  
S econd High max . 3 5 . 1  27 . 8  3 8 . 0  
( May 21 ) Low max . 1 7 . 6  1 5 . 5  1 4 . 3  
( 7 8  obs . ) Mean max . 24 . 8  20 . 8  22 . 9  
High min .  2 1 . 1  22 . 7  1 6 . 6  
Low min .  8 . 3  1 0 . 2  3 . 8 
Mean min. 1 2 . 7  1 4 . 7  8 . 4  
Mean da i ly 1 8 . 8  1 7 . 8  1 5 . 6  
Third High max . 3 3 . 4  27 . 3  3 8 . 0  
( Jun 1 0 ) Low max . 1 9 . 6  1 8 . 7  1 7 . 8  
( 4 8  obs . ) Mean max . 2 6 . 5  23 . 3  27 . 1  
High min .  2 0 . 3  21 . 3  17 . 1  
Low min .  1 1 . 6  1 4 . 4  7 . 4  
Mean min .  1 7 . 5  1 8 . 9  12 . 6  
Mean da i ly 22 . 0  2 1 . 2  19 . 9  
28 
RLER RESPONSES TO 
ENVIRONMENTAL VARIABLES 
Environmental variabl es used to evaluate RLER were 
minimum temperature , maximum temperature , sol ar 
rad iat ion , pan evaporat ion , and w indspeed . 
F igure 2 shows the 1 9 8 5 l ea f a rea during the 
seedl ing growth phase o f the three pl anting dates . The 
three curves il lustrate the rate o f  growth . Breaks in the 
curves indicate when b iomass s ampl e s  were taken and 
measurements began on new p l ants . The f irst two plant ings 
had a much slower start and more t ime was required before 
the exponential phase o f the growth curve was reached 
( f ig .  2 ) . The rate of growth o f the third plant ing was 
more rap id and there was no l ag phase be fore the exponen-
-
t ial phase o f the growth curve b egan . The time o f seed-
l ing growth measurements was reduced with later pl ant ing 
dates . Measurements were taken for 3 0 , 20 , and 1 0  days 
for the f irst , second , and thi rd pl ant ing dates , 
respect ively .  Reduced measurement t ime for the later 
pl anting dates were a resul t  of more rap id seedl ing growth 
l ater in the spr ing . The more rapid growth corresponded 
with increased temperatures later in the spring ( Tabl e  6 ) . 
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The lea f area curves ( f ig .  2 )  approximate theoretical 
curves for plant growth . However ,  there are deviations 
from typ ical curves derived under more or l e s s  constant 
envi ronmental conditions . RLER wa s chosen to investigate 
the e f fect environmental fluctuati ons , particul arly 
temperature , have on pl ant growth . 
The e f fect o f LAREA on RLER i s i l lustrated in f igs 3 a  
to c .  LAREA did not have a l arge e f fect on RLER as 
indi cated by the scatter o f  data po ints ( f igs . 3a to c ) . 
Mature , nonel ongating l eaves contr ibute l ittl e  to the 
RLER and this suggests that other factors are more 
in f luential in determin ing the RLER . F igures 3 a  to c 
show data po ints scattered near z ero suggesting other 
factors are more critical determ inants for RLER than is 
LAREA . These results a l so ind icate that RLER could be 
used during corn seedl ing growth to make compari sons 
with in and between planting date treatments even though 
. in it ia l  lea f  area may d i f fer . F igures 4 a  to c show the 
changing RLER o f  the three p l ant ing dates as the spring 
progresses . Environmenta l conditions such as 
temperature , radiation , and evaporative demands change 
as the growing season progres s e s  ( Tab l e  3 ) . These 
changes wi l l  in fluence the RLER a s  shown by f igs . 4a  to 
c anq are s igni f icant determ inants in the RLER . 
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Temperature is a major control l ing factor in plant 
growth and RLER predict ive equat ions were in it ial ly 
devel oped us ing temperature a l one ( Appendices E and F )  . 
S o i l temperatures were used at the 5 - and 15-cm depths 
for 1 9 8 4  and 19 8 5  whil e a ir temperatures at 3 0 -cm were 
used only for 19 8 5 . Up to 5 2 % o f variab i l ity in RLER 
was exp l a ined by a ir temperature alone whi le  soil 
temperature at the 1 5 -cm depth exp l a ined up to 4 4 % o f  
RLER variab i l ity in 1 9 8 5 . In 1 9 8 4  up to 3 8 % o f  RLER 
variab i l ity was exp l a ined by so i l temperature at the 
5 -cm depth . RLER response to temperature wi l l  change as 
the spring progresses ( figs . 4a to c )  because o f  
changing so i l  and a ir temperatures ( figs . 1a and b ) . 
The areas o f  overlap between p l anting dates , June 4 to 
June 18 for the f irst and second planting dates and June 
2 4  to June 2 8  for the second and third planting dates 
ind icate that corn plants from d i f ferent plant ing dates 
·d id not always respond s imi l arly to the environment . 
For examp l e , on June 8 the f irst pl ant ing date responded 
with an increase in RLER ( fig .  4 a )  wh i l e the second 
p lant ing date registered essent i a l ly no growth ( f ig . 
4 b )  . Thi s could indicate an interact ion of growth stage 
with the environment . Temperature variat ions could a l s o 
influence RLER responses to other var iabl es such as 
3 8  
sol ar radiation and pan evaporat i on . To improve expla­
nati ons o f RLER and evaluate temperature interact ions 
w ith other c l imatic variabl es , e quat ions were developed 
us ing sol ar radiation , pan evapo rat ion , windspeed , and 
LAREA ( an index o f growth stage ) in addition to 
temperature . 
RLER predictive equat ions found us ing temperatures 
at s o i l depths of S- and 1S-cm o r  a ir temperatures at 
3 0 -cm al ong with pan evaporation , s o l ar radiat ion , and 
LAREA are presented in Tabl e  7 and appendices A and B .  
Each o f  these complex equat ions inc lude some express ion 
for temperature , l ight ,  and wate r . Table 7 shows RLER 
pred ict ive equations devel oped for 1 9 8S .  Min imum 
temperatures entered into al l  equat ions indic at ing 
minimum temperatures are important predictive factors 
for the RLER . Response surfaces were generated us ing 
equat ions presented in Tabl e 7 .  F igures Sa to c were 
.generated us ing the S-cm depth s o i l temperature , pan 
evaporat ion , and solar rad iation . The surfaces ( figs . 
Sa to c )  were drawn by as sum ing a constant evaporative 
demand value equal to the average pan evaporat ion for 
each plant ing date and varying minimum temperature and 
rad iat ion values between the extremes found for each 
part icul a r  pl ant ing . Response surfaces were found to 
3 9  
Tab l e  7 .  1 9 8 5  predictive equat ions us ing minimum soi l  
temperatures a t  the 5 em-depth . 
Pl ant ing R2 
FIRST 8 1 . 7  
S ECOND 5 7 . 3  
THIRD 6 6 . 0  
E quat ions 
* * *  RLER= 1 . 3 5 6- . 17 5 (�IN- 1 3 . 3 5 ) - . 1 3 4 3 ( MIN- 1 3 . 3 5 )  - . 0 1 8 7 ( MIN- 1 3 . 3 5 )  
- . 126RI+ . 0 3 9 1�I ( MIN- 1 3 . 3 5 ) + . 0 4 5 6  
RI ( MIN- 1 3 . 3 � ) + . 0 0 3 6 7RI 
(MIN- 1 3 . 3 5 )  - . 0 5 8 9 PAN 
- . 0 17 3 PAN ( MIN - 1 3 . 3 5 ) 2 - . 025 9 PAN ( MIN- 1 3 . 3 5 )  
* * *  RLER=l . 128 - . 6 1 2 (�IN- 12 . 6 9  ) + . 0 326
3 (MIN- 12 . 6 9 ) + . 0 0 8 92 ( MIN- 12 . 6 9 )  
- . 1 1 4 RI+ . 0 1 9 6�I ( MIN- 12 . 6 9 ) + . 029 5 
RI ( MIN- 1 2 . 6 9 )  + . 0 0 7 5 6PAN+ . 0 729 
PAN ( MIN- 1 2 . 2 9 ) - . 0 3 6 9 PAN 
(MIN- 12 . 6 9 ) 3 + . 0 0 0 1 4 0 2 PAN ( MIN-1 2 . 6 9 )  
* * *  RLER= 1 . 4 7 1+ . 5 3 6 ( �IN- 1 7 . 5 0 ) - . 3 0 7 § 
( MIN- 1 7 . 5 0 )  - . 1 1 0 5 ( MIN- 1 7 . 5 0 )  
- . 0 4 8 1RI - . 1 8 3�I ( MIN- 1 7 . 5 0 ) + . 1 9 4  
RI ( MIN- 1 7 . 5 9 ) + 0 4 3 6RI 
( MIN- 1 7 . 5 0 )  - . 1 0 8 5 PAN- . 1 8 7  
PAN ( MIN- 1 7 . � 0 ) - . 1 0 3 4 PAN 
( MIN-17 . 5 0 ) 3 - . 0 1 9 1 PAN ( MIN-17 . 5 0 )  
MIN = Min imum temperature RI = Incoming radiation 
PAN = Open pan evaporat ion 
* * *  = Mean minimum temperature 
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di f fer between plant ing date treatments . Discuss ion 
w i l l  be l imited to areas where data po ints are l ocated 
on the response surfaces ( f igs . 5 a  to c ) . Extrapolat ion 
beyond the data po ints is unwarranted and subject to 
mi s interpretat ion . 
F igure 5a has data po ints scattered over much of 
the response surface whi l e  in f igs . 5b and c data points 
are concentrated in part icular regi ons . The RLER of the 
f irst plant ing in 1 9 8 5  is i l lustrated in fig .  5a . There 
are three areas o f data po int concentrat ion . In the 
region o f  l ow l ight ( 4  to 5 kwh m-2 ) with a temperature 
range of 9 . 5  to 1 1 . 5°C there i s a very s l ight upward 
trend as the minimum so i l temperature increases to 1 1 . 5 °C 
( f ig .  5 a ) . This temperature range i s be l ow the opt imum 
so i l temperature for corn seedl ing growth (24 to 28 °C )  
and increas ing the temperature toward the opt imum wil l  
be bene f ic ial to the RLER . The increas ing temperature 
· compensates for low l ight which i s l imit ing to photosyn­
the s i s .  Processes such as le a f - in itiation and 
l ea f-appearance contribute to the RLER and a l so wi l l  be 
favored by increas ing so il temperatures at the 5 -cm 
depth . There are also data po ints l ocated in the 
temperature range of 1 4 . 0  to 1 5 . 5 °C in the low l ight 
region ( f ig . 5 a ) . However ,  there i s a dramat ic dec l ine 
in the RLER . Th is decl ine coul d  be due to 
·increa sed 
compet it ion for photosynthate between the shoot and 
root . Root demand is l ikely to be l e s s  at low temper� 
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atures and not a s  l imit ing to the RLER . There are also 
-2 data po ints in high l ight condit i ons ( 7 to 8 kwh m ) 
0 with so i l temperatures ranging from 9 . 5  to 1 5 . 0  c .  The 
RLER f irst decreases and then increases as  the 
temperature approaches 1 5 . 0°C ( fig .  5 a ) . Low 
temperatures are more l imit ing in the range o f 9 . 5  to 
1 3 . 5 °C .  Increased l ight is usual ly favorabl e to 
photosynthes i s ;  however , l ow temperatures would s l ow 
photosynthet ic react ions and p rocesses such as 
l ea f - init iat ion and leaf-appearance involved in leaf 
growth . 0 In the temperature range o f  1 3 . 5  to 1 5 . 5  C the 
RLER i s favored by increas ing temperatures ( fig .  5 a ) . 
The interact ion o f l ight and temperature had a pos itive 
e f fect on the RLER . Thi s suggests that when temperatures 
·reached 1 3 . 5°C photosynthet ic react ions are less inhib-
ited and the high l ight and increas ing temperatures are 
favorabl e to the RLER . Processes  contribut ing to the 
RLER would a l so be favored by the increas ing 
temperatures .  Average rad iation rece ived during the 
- 2  f irst pl ant ing was 6 . 2 5 kwh m ( Tab l e  3 ) . In the region 
o f  bel ow average radiati on ( 5  to 6 kwh m-2 ) data po ints 
are concentrated in the temperature range of 1 1 . 5  to 
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1 6 . 2 5 °C ( f ig .  5 a ) . The response surface i s
· 
re lat ively 
fl at with a s l ight upward trend beginning at 1 3 . 5 °C .  
Reduced l ight i s a lready s l owing photosynthe- s is and the 
fl at response surface suggests the l ight is more l imit i ng 
and increas ing so il temperatures cannot compensate for 
the reduced l ight ( fig .  5a ) . However , beginning at 
1 3 . 5 °C the s l ight upward trend suggests the increased 
temp erature does have a pos it ive e f fect on photosynthet ic 
react ions . 
F igure 5b il lustrates the RLER response surface o f 
the s econd plant ing in 1 9 8 5 . There are three areas o f  
data po int concentrat ion and no trends indicat ing a 
decl ine in the RLER . One reason for the absence o f a 
l imited RLER are the h igher minimum so i l  temperatures 
observed dur ing this period . Most o f  the temperature 
observat ions are above 1 3 °C .  At l ow radiation level s 
( 5 . 0  to 5 . 5  kwh m-2 ) the l owest minimum temperature 
observed dur ing the second plant ing was approximately 
1 6 . 5 °C ( fig .  5b ) . Thi s was the h ighest minimum 
temperature observed during the f i rst pl anting ( f ig . 
5a ) . Comb in ing data points o f the f irst and second 
plant ing dates in h igh radiat ion l evel s  ( 7 . 0  to 8 . 0  kwh 
·
m-2 ) seem to ind icate a continuat ion o f the trough 
shaped response ( figs . 5a and b ) . The temperature at 
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which RLER again increases appears t o  depend on the 
rad iation level . At low rad iat io n  l eve l s  RLER begins 
increas ing at approximately 1 6 . 5°C whi l e at h igh radia-
t ion l evel s  the RLER increases aga in at approximately 
1 2 . 5°C ( f igs . Sa and 5b ) . Highe r  rad iat ion results in a 
greater amount o f photosynthate ava i l abl e to the plant · 
and a lower minimum temperature at which photosynthate 
becomes nonl imiting for RLER . 
F igure Sc i l lustrates the RLER response for the 
third plant ing of 1 9 8 5 . In general the trends are 
s imi l ar to those observed for the second plant ing date . 
An increased RLER is observed as  m inimum temperature 
increases . However ,  there i s a s l ight indicat ion of a 
trough shaped response at l ow rad iat ion and l ow minimum 
temperatures ( f ig .  5 c ) . Thi s i s apparent at m inimum 
0 temperatures bel ow 14 . 5  c .  Thi s observati on corresponds 
-
wel l  to the interpretation o f  photosynthate compet ition 
between the shoot and root . Th i s compet it ion becomes 
l es s  extreme after a po int where the root system 
provides pos itive effects to the shoot . For example ,  
better water rel ationships and thus l ess res istance to 
carbon exchange . 
The temperature-l ight interact ions o f  the three 
pl ant ing dates in 1 9 8 5  had d i f ferent e f fects on the 
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RLER . The e f fects were influenced by the changing 
temperature and l ight cond i t ions o f  the three planting 
dates . The RLER for a l l  p l ant ing dates was found to 
increase with temperatures above approximately 1 2 . 5 °C 
when radi ation levels  o f 7 . 0 to 8 . 0  kwh m-2 were 
received . So il temperatures o f approximately 1 6 . 5 °C were 
found to increase RLER when rad iation l evel s  of 4 . 5  to 
5 . 0  kwh m-2 were received . Thi s suggests that the so i l  
temperature critical t o  RLER i s dependent upon incoming 
rad iat ion � 
The predictive equations present ed in Tabl e 7 can 
a l so  be evaluated to show the interact ive e ffect o f pan 
evaporat ion and minimum temperature on RLER by as suming 
a constant level of solar rad iat ion . The solar radi a­
t ion l evel chosen was the average value for each 
p l ant ing date ( Table 3 ) . Pan evaporat ion is used as a 
measure o f evaporative demand and to meet these demands 
the plant must have a suffic ient supp ly o f mo isture . 
During the seedl ing growth phase so il  mo isture i s 
usual ly sat is factory ; however , p l ant ab i l ity to obta in 
and use the mo isture may be influenced by factors such 
a s  so i l  temperature or root devel opment . RLER response 
surfaces for the three plant ing dates in 1 9 8 5  are shown 
in f igs . 6a  to c .  Observations made in the study are 
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indicated by data points and di s cuss i on wi l l  be l imited -
t o  thes e areas . 
F igure 6 a  il lustrates the RLER response surface for 
the f irst p lant ing o f  1 9 8 5 . Data po ints were d istributed 
over most of the surface ( fig .  6 a ) . At l ow and h igh 
extremes of evaporative demand RLER responses were more 
dramat ic .  Data po ints in the region o f  l ow evaporat ive 
demand ( 2 . 0 to 3 . 0  mm) where temperatures ranged from 
1 3 . 5  to 1 6 . 5qC show an increas ing trend in the RLER . 
Temperatures below 1 6 . 5°C were l imit ing to leaf expans ion 
which would inhib it the RLER . The reduced RLER i s re-
l ated to the dependence of l ea f  expans ion to water 
rel at ionships of the l eaves . Low -so i l temperatures 
decrease the hydraul ic conduct iv ity o f the roots and 
increase the viscos ity o f water . Thi s  would result in a 
reduction o f  l eaf water potent ia l . The decreas ing RLER 
a s  the so i l temperature approaches 1 3 . 5 °C is a refl ection 
o f the decreas ing leaf water potent ia l ( f ig .  6 a ) . Th i s 
i s in agreement with Barl ow et a l . ( 1 9 7 7 ) who found lea f 
expans ion to decrease steadi ly as  the so i l  temperature 
0 0 decreased to 1 3  c .  Below 1 3  C l e a f  growth abrupt ly 
decreased paral l el ing the decrease in lea f water paten-
t ial . Data po ints are a l so concentrated in regions o f  
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h igh evaporat ive demands ( 7 . 0  to 8 . 0  mm ) with tempera-
0 tures ranging from 1 0 . 5  to 1 4 . 5  c .  The RLER response is 
relat ively fl at up to a temperature o f 1 3 . 5 °C and beyond 
thi s temperature the RLER decreases . S imple correlat ion 
showed that RLER should increase with increas ing minimum 
s o i l temperatures ( Table 4 ) . However , th i s does not 
occur whi ch indicates h igh evaporative demands ·are 
l im it ing the RLER . 
Opt imum so i l temperature for corn root growth is 2 5  
t o  3 0°C ( Kramer , 1 9 8 3 ) . S o i l temperatures were sub-
opt imal for corn root growth which would reduce the 
growth and development of the root system ( Tabl e 6 ) . 
However , no root measurements are ava i l abl e so  reduced 
root growth can only be impl ied . The inh ibited RLER is 
l ikely a reflection o f reduced root growth which would 
decrease the plant ab i l ity to obta in so i l mo isture . The 
e f fect o f radiation on evaporat ion va lues must also be 
cons idered . Combin ing pan evaporat ion and so lar radia-
t i on graphs ( f igs . 1c and d)  indi cate a ba lance between 
the e f fects o f pan evaporat ion and rad iat ion on the RLER 
response to temperature . High s olar radiat ion wi l l  
result in high evaporative demands .  The e f fect o f  high 
radi at ion on RLER wi l l  be negated by h igh evaporat ive 
demands at high minimum temperatures beginning 
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approximately at 12 . 5°C .  Low evaporat ive demand� appea r 
to result in responses s imi l ar t o  those found at low 
radiat ion l evel s .  When radiation l evel s are l ow the 
0 RLER increases at temperatures beginning at 1 6 . 5  c .  The 
RLER al so increases at low evaporative demands with 
minimum temperatures beginning at 1 3 . 5 °C .  There were 
al so data po ints concentrated between the low and high 
extremes o f evaporative demands . The response surface 
was relat ively flat with a very s l ight upward trend 
( f ig .  6 a )  . 
F igure 6b shows the RLER response surface for the 
second p l ant ing in 19 8 5 . Three regions o f data po int 
concentrat ion ind icate an increas ing RLER with increas ing 
temperatures . Thi s is a cont inua tion o f the first 
p l ant ing when evaporat ion values were near 6 . 0  mm ( fig .  
6 a ) . In the region o f high evaporative demand ( 9 . 5  to 
-
1 0 . 0  mm ) and temperatures ranging from 1 4 . 5  to 16 . 5 °C the 
RLER i s inhib ited . Th is is in agreement w ith results 
from the f irst planting where RLER al so decreased at 
h igh minimum temperatures and evaporat ive demands ( f ig .  
6 a ) . Thi s  is an indication o f h igh evaporative demands 
negat ing the e f fects o f  increased so lar rad iat ion at 
high mi nimum temperatures .  The RLER was reduced when 
temperatures were greater than 14 . 5
°C and evaporat i on 
values ranged from 9 . 5  to 1 0 . 0  mm ( f ig .  6b ) . Leaf 
expans ion rates are highly dependent on a high turgor 
pressure . High evaporation rates tend to reduce · lea f 
turgor pressure and there fore l ea f growth . The in-
crease in RLER with minimum tempe rature in the 
evaporat ion range of 6 . 0  to 8 . 5  mm indicate improving 
l ea f  water rel ations with the higher temperatures .  
F igure 6 c  i l lustrates the RLER response o f  the 
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third pl ant ing o f 1 9 8 5 . The l owest temperature included 
by the data po ints is 1 3 °C and al l  data points show an 
increas ing trend in the RLER . 
Temperature-evaporat ive demand interacti ons 
d i f fered for each planting date . The e f fects were 
influenced by d i f ferent minimum so i l  temperatures and 
evaporat ion values for each pl ant ing date . I ncoming 
sol a r  rad iat ion wi l l  also in fluence RLER response to 
temperature and evaporat ive demand . When evaporat ion 
0 va lues are low ,  2 . 0  to 3 . 0  mm , 1 3  c was the critical 
temperature wh ich influenced the RLER response ( f ig .  
6 a ) . The RLER was favored when min imum so i l  tempera­
tures were above 1 3 °C probab l y  be cause o f  improved lea f  
water rel at ions . When evaporative demand ranged from 
7 . 0  to 8 . 0  mm there was a continuat ion o f data po ints 
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progress ing from the f irst t o  second planting ( figs . 6 a  
and b ) .  The critical temperature at whi ch the RLER 
0 began to increase wa s approximately 1 5 . 5  c .  Evaporat ive 
demands in the range o f 9 . 5  to 1 0 . 0  mm during the second 
p l ant ing were l imit ing to the RLER when temperatures 
were greater than 1 5 °C .  The RLER was not inhibited 
during the th ird pl ant ing wh ich impl ies  a better root 
system and improved water rel ations . 
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PLANT HEIGHT RESPONSES 
Predict ive equations for RPH were f irst developed 
us ing temperatures alone ( Appendices G and H )  . Up to 
2 1 % o f the 1 9 8 4  RPH variab i l ity was exp l a ined by the 5 
em depth soi l temperature . The a ir temperature at 3 0  em 
exp l a ined up to 6 2 % o f the 1 9 8 5  RPH variabi l ity . Thi s 
suggests that the a ir temperature may have been more 
c rit ical in determining the RPH response . RPH equat ions 
were then deve l oped us ing the env ironmental variables ; 
sol ar radiati on , pan evaporati on , and LAREA . The RPH 
equat i ons devel oped are shown in Appendices C and D .  Up 
to 9 9 % of the 1 9 8 4  RPH was expl a ined by LAREA . LAREA 
was important to the RPH because he ight measurements 
cons i sted of extending the l eaves ·so the plant s i z e  
would then have a l arge e f fect o n  the RPH . Other vari­
abl es  such as minimum or maximum temperature , pan 
evaporat ion , or an interact ion between these variables 
in addit ion to LAREA entered in the 1 9 8 5  RPH predict ive 
equat ions . Up to 9 6 % o f the RPH variab il ity was 
exp l a ined .  The presence o f  other env ironmental vari­
abl es in the predict ive equat ions indicate that pl ant 
growth was influenced by the surrounding environment . 
IV . CONCLUS IONS 
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Thi s study was in itiated t o  evaluate the ef fects. o f  
environmental factors such a s  temperature , l ight , evapo­
rat iv� demand , and LAREA on corn seedl ing growth . 
Pl ant ing occurred on three di f ferent date s  to obta in 
pl ants which would be in the same growth stage in 
d i f ferent environmental condit ions . S o i l and a ir 
temperatures were mon itored hourly with minimum and 
maximum so i l temperatures recorded at 5 - and 1 5 -cm 
depths wh i l e a ir temperatures at the 3 0 -cm height were 
recorded . Da i ly measurements were a l so made for 
incoming solar radi at ion and pan evaporat ion . Da ily 
growth measurements began approximately one week after 
1 0 0 % emergence . The RLER was chosen as  the dependent 
crop growth variabl e .  S impl e corre l at ion showed RLER 
to be in f luenced by env ironmental variabl es . 
The e f fect o f  LAREA on the RLER was f irst evaluated 
and found not to have a large e ffect ( f igs . 3a to c ) . 
This suggests that other env ironmental variabl es have a 
greater in fluence on the RLER . As the growing season 
progresses the RLER changes ( f igs . 4 a  to c )  as do the 
environmental variabl es  ( fig . 1a to d ) . Changes in 
temperatures ,  radiation , and evaporat ive demands deter­
mined the RLER response .  
The ef fect o f temperature on the RLER was next 
evaluated . The so il temperature at the 5-cm depth was 
cons idered most important becau s e  the ap ical 
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meri stem is l ocated in thi s regi on through the 8 th leaf  
growth stage . Processes such a s  lea f - init iation and 
leaf-appearance contribute to the RLER and occur in the 
ap ica l meri stem . Thi s would make so i l temperature at 
the 5 -cm depth most important to corn seedl ing growth . 
S o i l  temperatures a l so are determ in ing factors to leaf 
water re l ationships . So i l  temperatures at the 5 -cm 
depth exp l a ined 3 8  and 2 4 %  o f  the variab i l ity in RLER in  
1 9 8 4  and 19 8 5 , respect ively . 
The interactive e ffect o f temperature with radia-
t ion and evaporat ive demand was then eva luated . RLER 
pred ict ive equat ions were developed for 1 9 8 4  and 19 8 5 . 
RLER response surfaces were generated us ing 1 9 8 5  
pred ict ive equat ions developed from the 5 -cm depth so il 
temperature , radiat ion , and pan evaporat ion measure-
ments . Temperature-l ight interact ions were found to 
have d i f ferent e ffects depend ing upon the temperature 
and incoming radiat ion . Temperatures above 1 2 . s0c had 
pos itive ef fects on the RLER when rad iat ion l evel s were 
h igh ( 7 . 0  to 8 . 0  kwh m- 2 ) .  When radiat ion rece ived 
-2  ranged from 4 . 0  to  5 . 0  kwh m the crit ical min imum soil  
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temperature was approximately 1 6 . 5 °C . The RLER increased 
0 when temperature s were above 1 6 . 5  c .  The critical mini -
mum s o i l  temperature at the 5-cm depth was dependent 
upon s olar radiation received . 
Temperature-evaporative demand interactions al so had 
d i f ferent e ffects on the RLER depending upon temperature 
and pan evaporat ion values . Lea f water rel at ions are 
al so influenced by so i l  temperatures and have an e ffect on 
the RLER . The crit ical so i l  temperature when pan evapora-
t ion values ranged from 2 . 0  to 6 . 5  mm was approximately 
1 3 °C . The RLER increased when temperatures were above 1 3 °C 
and evaporat ive demands ranged 2 . 0  to 6 . 5  mm . When 
evaporat ive demands ranged 7 . 0  to 8 . 0  mm the crit ical 
temperature was approximately 1 5 . S°C .  The RLER increa sed 
0 when temperatures were greater than 1 5 . 5  C .  For the thi rd 
p l anting there were no crit ical temperature in the 
temperature-evaporative demand interact ion . S o i l  tempera-
tures were warmer l ater in the spring wh ich would have 
been benef ic ial to root growth and devel opment and to l ea f  
water re lat ions . Pan evaporat ion c l osely fol l ows 
changes in sol ar rad iat ion and increases in radiat ion 
wi l l  a l s o  increase the pan evaporat ion . This increased 
· evaporat ive demand wil l  influence the RLER response to 
changes in so il temperature and radiation . 
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I n  conclus ion , minimum s oi l temperatures were found 
to have the largest influence on RLER . The e ffects o f 
m inimum temperatures were mod i f i ed by rad iati on and 
evaporat ion . Minimum so i l temperatures critical to RLER 
were determined by incoming radi at i on and evaporat ive 
demands or interact ions among the s e  variabl es . The 
e f fects o f  min imum temperatures on RLER may be �elated 
to the water rel ationships o f the corn seedl ing and 
poss ibl e  compet ition for photosynthate between the shoot 
and root system . 
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Append ix A 
1 9 8 5  RLER pred ict ive equations 
us ing envi ronmenta l  variables 
6 6  
6 7  
1 9 8 5  predict ive equati ons us ing m1n1mum s o i l  
temperatures a t  the 5 em-depth . 
P l ant ing R2 
FIRST 8 1 . 7  
SECOND 5 7 . 3  
THIRD 6 6 . 0  
Equati ons 
* * *  RLER= 1 . 3 5 6 - . 1 7 5 (�IN- 1 3 . 3 5 ) - . 1 3 4 3 ( MIN- 1 3 . 3 5 )  - . 0 1 8 7 ( MIN- 1 3 . 3 5 )  
- . 1 2 6RI+ . 0 3 9 1�I ( MIN- 1 3 . 3 5 ) + . 0 4 5 6  
RI (MIN- 1 3 . 3 � ) + . 0 0 3 6 7 RI 
( MIN- 1 3 . 3 5 )  - . 0 5 8 9 PAN 
- . 0 17 3 PAN ( MIN- 1 3 . 3 5 ) 2 
- . 0 2 5 9 PAN ( MIN- 1 3 . 3 5 )  
* * *  RLER= 1 . 1 2 8 - . 6 12 (�IN- 1 2 . 6 9 ) + . 0 3 2 6 3 ( MIN- 1 2 . 6 9 )  + . 0 0 8 9 2 ( MIN- 12 . 6 9 )  
- . 1 14 RI+ . 0 1 9 6�I ( MIN- 1 2 . 6 9 ) + . 0 2 9 5  
RI ( MIN- 1 2 . 6 9 )  + . 0 0 7 5 6 PAN+ . 07 2 9  
PAN ( MIN- 1 2 . � 9 ) - . 0 3 6 9 PAN 
( MIN- 1 2 . 6 9 ) 3 + . 0 0 0 1 4 0 2 PAN ( MIN- 1 2 . 6 9 )  . 
* * *  RLER=1 . 4 7 1+ . 5 3 6 (�IN- 1 7 . 5 0 ) - . 3 0 7 � 
(MIN- 1 7 . 5 0 )  - . 1 1 0 5 ( MIN- 1 7 . 5 0 )  
- . 0 4 8 1RI - . 1 8 3�I (MIN- 1 7 . 5 0 ) + . 1 9 4  
RI ( MIN- 1 7 . 5 g ) + 0 4 3 6RI 
( MIN - 1 7 . 5 0 )  - . 1 0 8 5PAN- . 1 8 7  
PAN ( MIN-1 7 . � 0 ) - . 1 0 3 4 PAN 
( MIN- 1 7 . 5 0 ) 3 - . 0 19 1PAN (MIN- 1 7 . 5 0 )  
MIN = Min imum temperature RI = Incoming rad iation 
PAN = Open pan evaporation 
* * *  = Mean minimum temperature 
6 8  
Pred ict ive equat ions us ing soi l  temperatures 
at the 1 5 -cm depth . 
P l ant ing R2 
FIRS T  8 1 . 3  
SECOND 5 5 . 6  
THIRD 6 2 . 4  
Equat ions 
* * *  RLER= .- 5 8 7+ . 3 0 2 2 (�IN- 1 5 . 0 2 ) + . 0 6 7 j 
( MIN- 1 5 . 0 2 )  - . 0 5 4 8 ( MIN- 15 . 0 2 )  
- . 07 1 1PAN- . 0 4 6 3 PAN ( M�N-15 . 0 2 )  
- . 0 2 7 6PAN ( MIN-� 5 . 0 2 )  + . 0 0 1 2 3 
PAN ( MIN- 1 5 . 0 2 )  . 
* 
RLER= l . l7 4 - . 1 1 7 �¥AREA-9 . 1 1 ) - . 12 8 * * *  ( MAX-2 0 . 8 2 ) - . 3 2 � ( MIN- 14 . 7 3 ) 
+ . 0 5 1 3 (MIN- 1 4 . 7 3 )  + . 0 2 8 7RI - . 0 1 4 4RI 
( MAX-2 0 . 8 2 ) - . 0 3 8 4 PAN+ . 0 5 9 4 PAN 
( MIN- 1 4 . 7 3 ) - . 0 0 9 6 8 PAN ( MIN- 1 4 . 7 3 ) 2 
* RLER= . 9 3 1 - . 0 9 7 3 �¥AREA-8 . 9 3 ) + . 0 4 0 9 2 
( MAX- 2 3 . 3 4 ) - . 2 8 � ( MAX-2 3 . 3 4 )  
- . 0 2 6 4 ( MAX; � � . 3 4 )  - . 2 4 2  
( MIN- 1 8 . 9 9 ) + . �4 5 ( MIN-18 . 9 9 ) 2 
+ . 17 4 ( MIN- 1 8 . 9 9 )  - . 0 1 8 1RI - . 0 2 9 1RI 
( MAX-2 3 . 3 4 } + . 0 3 2 5RI ( �X-2 3 . 3 4 )  
+ . 0 0 1 1 2 RI ( MAX-2 3 . 3 4 )  + . 0 3 2 7 PAN 
+ . 0 3 2 1 PAN (�X-2 3 . 3 4 ) + . 0 1 3 8 PAN 
( MAX- 2 3 . 3 4 }  + . 0 4 4 0 1P� ( MIN- 18 . 9 9 )  
- . 0 19 5 PAN ( M�N- 1 8 . 9 9 )  - . 0 2 4 1PAN 
( MIN- 1 8 . 9 9 )  
MIN=Minimum temperature MAX=Max imum temperature 
RI=Incoming rad iat ion PAN=Open pan evaporat ion 
LAREA=Initia l  l ea f  area * = Mean l ea f  a rea 
* *  = Mean maximum temperature 
* * *  = Mean min imum temperature 
6 9  
Predict ive equations us ing a ir temperatures a t  3 0 -cm . 
Pl anting R2 
F IRST 7 8 . 5  
SECOND 5 2 . 0  
THIRD 7 1 . 5  
Equation s  
* *  RLER=- . 3 1 4 - . 1 6 1 (�X-2 2 . 9 1 ) + . 0 1 4 8  
(MAX- 2 2 . 9 1 )  + . 3 9 3 RI+ . 0 4 2 1RI . 
(MAX- 2 2 . 9 1 ) + . 0 0 0 9 14RI ( MAX-2 2 . 9 1 ) 2 
- . 4 3 7 PAN 
* RLER=l . 2 1 5 - . 1 2 9 � LAREA-9 . 1 1 ) - . 0 0 2 5 3 2 ( MAX- 2 2 . 8 7 ) - . O Q��7 (MAX-2 2 . 8 7 ) 
- . 0 2 8 8 ( MIN-8 . 3 8 ) + . 0 1 9 8  
(MIN-8 . 3 8 ) 2 - . 0 0 2 1 5 (MIN-8 . 3 8 ) 3 
- . 0 1 1 1RI+ . 0 0 0 6 9 2RI (�X- 2 2 . 8 7 )  
+ . 0 0 1 1 3 RI ( MAX-2 2 . 8 7 )  + . 0 2 5 1PAN 
+ . 0 0 8 3 7 PAN£MIN-8 . 3 8 ) - . 0 0 4 3 2 PAN 
(MIN- 8 . 3 8 )  + . 0 0 0 2 6 3 PAN ( MIN-8 . 3 8 ) 3 
* *  RLER= 3 . 3 0 9 + . 0 1 5 1£MAX-2 7 . 14 ) + . 3 2 5 3 ( MAX- 2 7 . 14 )  - . 0 4 �l�MAX- 2 7 . 1 4 )  
- 1 . 5 8 2 ( MIN-�2 . 5 7 ) - . 8 9 2  
( MIN- 1 2 . 5 7 )  + . 3 7 6 (MIN- 1 2 . 5 7 ) 3 
- 1 . 4 8 6RI - . 3 5 1�I ( MIN- 1 2 . 5 7 ) + . 0 7 9 4  
RI (MIN- 1 2 . 5 7 )  - . 0 0 0 7 19WIND+ . 0 0 9 2 1 
WIND ( MAX-2 7 2 1 4 ) - . 0 0 1 1 2 WIND 
(MAX- 2 7 . 1 4 )  + . 0 0 0 1 3 6WIND 
( MAX- 2 7 . 1 4 ) 3 + . 0 0 0 6 9 9WI�D ( MIN- 1 2 . 5 7 )  
+ . 0 0 1 3 9WIND�MIN- 1 2 . 5 7 ) G - . 0 0 1 1 6WIND 
(MIN- 1 2 . 5 7 )  + 1 . 2 0 0 6 6 PAN+ . 3 0 1 3 PAN2 · (MIN- 1 2 . 5 7 ) - . 0 3 0 4 4 PAN ( MIN- 1 2 . 5 7 ) 
MIN=Min imum -temperature MAX=Maximum temperature 
RI=Incoming radiation PAN=Open pan evaporat i on 
WIND=Wind speed LAREA=Init i a l  l ea f  area 
· 
* = Mean l ea f  area * *  = Mean maximum temperature 
* * *  = Mean minimum temperature 
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1 9 8 4  RLER pred ict ive equations 
us ing environmenta l  variables 
7 0  
Predictive equati ons us ing soi l  temperatures 
at the 5 em-depth . 
Plant ing Equat i ons 
FIRST 3 4 . 1  
SECOND 2 7 . 3  
THIRD 59 . 5  
* *  RLER= . 4 9 0 3 - . 2 2 4 ��X-2 4 . 7 5 ) + . 1 5 8  
( MIN- 1 3 . 0 7 ) - . 0 7 3 8RI + . 0 2 3 7RI 
( MAX- 2 4 . 7 5 ) + . 0 4 8 9 PAN- . 0 1 7 9 PAN 
( MIN - 1 3 . 0 7 )  
* RLER= . 3 1 2 - . 0 2 8 6 �¥tREA- 6 . 5 3 ) + . 0 0 9 5 7  
( MIN- 1 9 . 0 8 2 ) - . 0 0 3 8 9  ( MIN- 1 9 . 0 8 )  - . 0 0 7 0 8 4 
(MIN- 1 9 . 0 8 ) 3 - . 0 0 3 9 2 PAN 
- . 0 0 4 9 9 PAN ( MIN2 1 9 . 0 8 ) + . 0 0 0 2 8 6  
PAN ( MIN- 19 . g 8 )  + . 0 0 1 5 8 PAN 
(MIN- 1 9 . 0 8 )  
* RLER= . 4 8 7 - . 0 5 1 5 �¥AREA- 5 . 9 0 ) + . 0 0 0 9 5 2  
(MAX- 2 7 . 8 3 * * � - . 0 2 0 2 1 (MIN- 2 1 . 1 5 ) - . 0 0 5 6 4  
(MIN-2 1 . 1 5 ) 2 + . 0 0 2 0 6 6PAN- . 0 0 0 3 2 5  
PAN ( MAX- 2 7 . 8 3 ) + . 0 0 2 7 2 PAN 
( MIN-2 1 . 1 5 ) 2 . 0 0 2 6 0 5PAN 
( MIN-2 1 . 1 5 ) 
MIN=Min imum temperature MAX=Maximum temperature 
RI=Incoming radiation PAN=Open pan evaporat ion 
LAREA=In it ial l ea f  area * = Mean leaf  area 
* *  = Mean maximum temperature 
* * *  = Mean minimum temperature 
7 1  
72 
Predictive equations using soil temperatures 
at the 15 em-depth. 
' Planting R2 
FIRST 4 1 . 0  
SE(X)ND 37 . 8 
THIRD 58 . 1  
Equations 
* RLER= . 584- . 164 (�-3 . 69 ) -1 . 478 2 (MAX-19 . 70 ) +1 . 3���MAX-19 . 70 )  
- . 30661 (MIN214 . 03 ) -4 . 494 
(MIN-14 . 03 )  - . 0717RI+ . 172RI 
(MAX-19 . 70) - . 156RI (MAX-19 . 70 ) 2 
+ . 3083RI (�-14 . 03 ) + . 533RI 
(MIN-14 . 03 )  + . 115PAN+ . 0759PAN 
(MIN-14 . 03 ) 
** RLER= . 111- . 0241 (�-24 . 72 ) + . 007313 (MAX-24 . 72 )  + . 009���MAX-24 . 72 )  
- . 07052 (MIN219 . 84 ) + . 00555 3 (MIN-19 . 84 )  - . 00653 (MIN-19 . 84 )  
- . 00139PAN- . 000195PAN�MAX-24 . 72 )  
- . 00134PAN (MAX324 . 72 )  - . 000546 
PAN (MAX-24 . 72 )  + . 00397PAN 
(MIN-19 . 84 ) - . 000783PAN 
(MIN-19 . 84 ) 2+ . 00192PAN (MIN-19 . 84 ) 3 
* RLER=. 439- . 0447!�-5 . 89 ) - . 0683 2 (MAX-25 . 04 ) - . 0768�MAX-25 . 04 )  
- . 020042 (MAX-25 . 04 )  + . 00181RI 
+ . 009063RI (�-25 . 04 ) + . 00894RI 3 (MAX-25 . 04 )  + . 00284RI (MAX-25 . 04 )  
MIN=Minimurn temperature MAX=Maximurn temperature 
RI=Incoming radiation PAN=Open pan evaporation 
· IAREA=Initial leaf area * = Mean leaf area 
** = Mean maximum temperature 
*** = Mean minimum temperature 
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1 9 8 5  RPH predict ive equations 
us ing environmenta l  variables 
7 3  
7 4  
1 9 8 5  RPH predict ive equat ions us i ng the s o i l  temperatures 
at the 5 -cm depth 
P lant i ng 
FIRST 9 0 . 1  
SECOND 9 6 . 0  
THIRD 9 6 . 1  
Equati ons 
* RPH=2 . 4 9 3 + . 3 9 5 � �REA-9 . 4 9 ) + . 0 0 4 1 7  
( MIN - 1 3 . 3 5 2 ) + . 0 0 8 7 1  ( MIN- 1 3 . 3 5 )  - . 0 0 4 2 PAN 
* 
RPH=1 . 3 0 12 + . 4 5 � l ( LAREA- 9 . 2 8 ) - . 0 1 1 9  
( MAX-2 4 . 8 1 ) + . 0 0 1 3 4 PAN 
- . 0 0 2 6 3 PAN ( MAX-2 4 . 8 1 )  
* RPH= . 9 2 6+ . 4 9 9 ( �REA-9 . 0 4 ) - . 0 0 4 8 2  
( MAX-2 6 . 5 3 ) 
MIN = Min imum temperature MAX = Maximum temperature 
PAN = Open pan evaporat ion * = Mean l ea f  area 
* *  = Mean maximum temperature 
* * *  = Mean min imum temperature 
LAREA = Initial leaf area 
7 5  
1 9 8 5  RPH predict ive equations us i ng s o i l  temperatures 
at the 1 5 -cm depths 
P l ant ing 
FIRST 8 8 . 7  
SECOND 9 6 . 3  
THIRD 9 6 . 1  
Equati ons 
* 
RPH= 2 . 5 3 7 + . 3 5 3 ( LAREA-9 . 4 9 ) 
- . 0 8 9 1 PAN 
* 
RPH= 1 . 3 6 8 + . 4 4 4 ( LAREA; � . 1 1 ) 
+ .  0 0 9 1 6  ( MAX-2  0 .  8 2 . ) 
* 
RPH= . 9 1 8 + . 5 0 0 3 7 ( LARE�; 8 . 9 2 ) 
- . 0 0 5 8 3 ( MAX-2 3 . 3 4 ) 
MAX = Maximum temperature 
LAREA = Initial leaf  area 
PAN = Open pan evaporat ion 
* = Mean leaf  area ** = Mean max imum temperature 
Plant ing 
FIRST 
SECOND 
THIRD 
7 6  
19 8 5  RPH predict ive equat ions us ing 
the a i r  temperature at 3 0 -cm 
9 0 . 1  
9 6 . 2  
9 5 . 9  
Equat i ons 
* 
RPH=2 . 5 6 7 + . 3 9 � � LAREA-9 . 6 1 ) - . 0 0 1 9 1 
( MAX- 2 2 . 9 1 ) - . 1 0 4 9 PAN+ . 0 0 2 8 3  
PAN ( MAX-2 2 . 9 1 )  
* RPH= l . 3 5 5 + . 4 6 6 � ¥AREA-9 . 1 1 ) + . 0 0 4 3 7  
( MAX- 2 2 . 8 7 ) 
* RPH= l . 0 3 0 1 7+ . 4 8 8 ( LAREA-8 . 9 3 ) 
MAX = Max imum temperature PAN = Open pan evaporati on 
LAREA = Initial leaf area * = Mean l ea f  area 
* *  = Mean maximum temperature 
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1 9 8 4  RPH predict ive equat ions 
us ing environmenta l  varib l es 
7 7  
1 9 8 4  RPH pred ictive equat ions us ing so i l  temperatures 
at the 5 -cm depth 
Pl ant ing 
FIRST 
S E COND 
THIRD 
7 3 . 5  
9 4 . 7  
9 9 . 1  
Equat i ons 
* RPH= 1 . 0 4 8 1+ . 4 9 5 ( LAREA-3 . 7 3 ) 
* RPH= . 6 5 2 + . 5 5 0 3 ( LAREA- 6 . 5 3 ) 
* RPH= 1 . 2 4 6+ . 4 6 7 ( LAREA-5 . 9 0 ) 
LAREA = Initial leaf area * = Mean leaf  area 
7 8  
1 9 8 4  RPH predictive equat ions us ing s o i l  temperatures 
at the 1 5 -cm depths 
Plant ing 
FIRST 7 8 . 3  
SECOND 9 4 . 5  
THIRD 9 9 . 1  
Equat i ons 
* 
RPH= l . 0 6 1 2 + . 4 9 2 ( LAREA- 3 . 6 9 ) 
* 
RPH= . 6 6 5+ . 5 4 8 ( LAREA- 6 . 5 3 ) 
' * RPH= 1 . 2 6 4+ . 4 6 6 ( LAREA-5 . 8 9 ) 
LAREA = Initial lea f area * = Mean leaf  area 
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1 9 8 5  RLER predict ive equat ions 
us ing temperature only 
8 0  
8 1  
1 9 8 5  RLER predict ive equat i ons us ing so i l  temperature 
at the 5 - cm depth 
Pl anting 
FIRST 4 2 . 1  
SECOND 1 0 . 9  
THIRD 3 0 . 5  
E quations 
* *  RLER= . 2 8 1 - . 0 3 7 9 ��X-2 2 . 1 3 ) + . 1 8 2  
( MIN- 1 3 . 3 5 ) - . 0 2 9 8  
( MIN- 1 3 . 3 5 ) 2 - . 0 3 2 4 ( MIN- 1 3 . 3 5 ) 3 
* *  RLER= . 0 7 9 9+ ( MAX-� 4 . 8 1 ) + . 0 0 1 9 2  
( MAX-2 4 . 8 1 ) 3 - . 0 0 0 4 1 9 ( MAX- 2 4 . 8 1 � *i . 0 19 6 ( MIN- 1 2 . 6 9 ) 
* *  RLER= . 1 8 1 - . 0 0 5 6 7 £MAX-2 6 . 5 3 ) - . 0 0 1 7 2  
( MAX- 2 6 . 5 3 ) 3 - . 0 0 0 4 8 6  · * * *  ( MAX- 2 6 . 5 3 )  + . 0 1 1 � ( MIN- 17 . 5 0 ) 
+ . 0 1 5 5 ( MI N- 17 . 5 0 )  
MIN = Min imum temperature MAX = Maximum temperature 
* *  = Mean maximum temperature 
* * *  = Mean minimum temperature 
1 9 8 5  RLER pred ictive equations us ing s o i l  temperature 
at the 1 5 - cm depth 
Pl ant ing 
FIRST 4 4 . 7  
· sECOND 1 1 . 5  
THI RD 3 5 . 5  
E quat ions 
* * * RLER= . 2 17 + . 2 8 0 (M2N- 15 . 0 2 ) - . 0 4 9 1 3 ( MIN - 1 5 . 0 2 )  - . 0 8 9 8 (MIN-15 . 0 2 )  
* *  
RLER= . 0 6 0 4 7 - . 0 18 7 ( MAX-2 2 . 8 2 ) 
+ . 0 0 3 8 1 ( MAX3 2 0 . 8 2 )  + . 0 0 1 6 1  
( MAX-2 0 . 8 2 � *i . 0 0 3 2 9  ( MIN- 1 4 . 7 3 2 ) + . 0 0 8 0 1 0  ( MI N-1 4 . 7 3 )  
* *  . RLER= . 17 2 - . 0 1 9 0 ( �X-2 3 . 3 4 ) - . 0 0 6 7 6  
( MAX- 2 3 . 3 4 ) 3 + . 0 0 3 4 6  
. 
(MAX-2 3 . 3 4 � * ; . 0 0 0 0 4 8 4  (MIN- 1 8 . 9 9 2 ) + . 0 4 5 1  (MIN - 1 8 . 9 9 )  
MIN = Min im�� temperature MAX = Maximum temperature 
** = Mean maximum temperature 
* * *  = Mean minmum temperature 
1 9 8 5  RLER predict ive equations us ing the air 
temperature 3 0 -cm . 
8 3  
Pl ant ing E quat i ons 
FIRST 18 . 2  
SECOND 2 4 . 3  
THIRD 5 2 . 8  
* *  RLER= . 0 3 3 1 - . 0 8 0 8 1 ( MAX- 2 2 . 9 1  ) + . 0 1 1 8 
( MAX- 2 2 . 9 1 ) 3 + . 0 0 2 9 8  * * * ( MAX-2 2 . 9 1 )  - . 0 5 6 4 ( MIN-8 . 9 3 ) 
* *  RLER= . 0 4 7 7 - . 0 1 1 3 £MAX-2 2 . 8 7 ) + . 0 0 2 2 7  
( MAX- 2 2 . 8 7 ) 3 + . 0 0 0 1 6 9  ( MAX- 2 2 . 8 7 )  
* * *  RLER= . 1 1 9 + .- 0 7 2 0 1 £MIN- 1 2 . 5 7 ) + � 0 1 8 8  
( MIN- 1 2 . 5 7 ) 3 - . 0 0 7 5 7  ( MIN- 1 2 . 5 7 )  
MIN = Minimum temperature MAX = Maximum temperature 
* * = Mean ma�mimum temperature 
* * *  = Mean minimum temperature 
Append ix F 
1 9 8 4  RLER predict ive equations 
us ing temperature only 
8 4  
8 5  
1 9 8 4  RLER pred ict ive equat i ons using so i l  temperature 
at the 5 - cm depth 
P l ant ing 
FIRST 3 3 . 9  
SECOND 2 0 . 6 
THIRD 3 8 . 0  
Equati ons 
* *  RLER= . 2 2  6 - . 0 1 0 5 * �WAX- 2 4 . 7 5 ) - ·. 0 3 8 7  
( MIN- 1 3 . 0 7 ) + . 0 1 5 9  
( MIN- 1 3 . 0 7 ) 2 + . 0 2 0 5 3 (MIN- 13 . 0 7 ) 3 
* * *  RLER= . 0 9 1 4 - . 0 2 7 1 ( MIN- 1 9 . 2 8 ) 
- . 0 0 0 6 7 5 ( MIN- 19 . 0 8 1 
+ . 0 0 3 9 2 ( MIN- 1 9 . 0 8 )  
* *  . RLER= . 2 0 6 3 + . 0 3 4 2 £MAX-2 7 . 8 3 ) - . 0 0 2 2 8  
( �X-2 7 . 8 3 ) 3 - . 0 0 0 5 0 3 9 ( MAX- 2 7 . 8 3 )  
MIN = Min imum temperature MAX = Max imum temperature 
* *  = Mean maximum temperature 
* * *  = Mean min imum temperature 
1984 RLER predictive equations using soil temperatures 
at the 15-cm depth. 
Planting Equations 
86 
FIRST 9 . 9  *** RLER= . 221- . 0229 (�-14 . 03 ) + . 00179 
(MIN-14 . 03 ) 3+ . 0189 
SECOND 26 . 9  
THIRD 35 . 5  
(MIN-14 . 03 ) 
*** RLER= . 0977- . 0375 (MIN-19 84 ) 
- . 00272 (MIN-�9 . 84 )
2
+ . 00743 
(MIN-19 . 84)  
** RIER= . 221+ . 0339 (�-25 . 04 ) - . 0182 
(MAX-25 . 04 ) 3+ . 00431  (MAX-25 . 04�*; . 0545 (MIN-21 . 76 2 ) - . 05052 (MIN-21 .  76) 
MIN = Minimum temperature MAX = Maximum temperature 
**· = Mean maximum temperature 
*** = Mean minimum temperature 
Appendi x  G 
1 9 8 5  RPH predict ive equat ions 
us ing temperatures only 
8 7  
8 8  
1 9 8 5  RPH predictive equat ions us ing soil  temperature s 
at the 5-cm depth . . 
Pl ant ing 
FIRST 8 . 1  
SECOND 1 0 . 9  
THIRD 4 6 . 3  
E quat ions 
* *  
RPH= . 0 6 0 0 8 + . 0 0 8 8 7 ( MAX- � 2 . 1 3 ) 
+ . 0 0 1 2 4 ( MAX- 2 2 . 1 3 )  
* *  
RPH= . 0 7 9 9+ . 0 2 0 5 � ( MAX-2 4 . 8 1 ) + . 0 0 1 9 j 
( MAX- 2 4 . 8 1 )  - . O O � i * 9 ( MAX- 2 4 . 8 1 )  
+ . 0 1 9 6 ( MIN- 1 2 . 6 9 ) 
* *  RPH= . 1 0 17+ . 0 0 6 0 5 8 ( MAX-� 6 . 5 3 ) 
- . 0 0 1 7 7 ( MA�; � 6 . 5 3 )  + . 0 0 1 4 5  
( MIN- 1 7 . 5 0 2 ) + . 0 1 2 6 ( MIN- 17 . 5 0 )  
MIN = Min imum temperature MAX = Maximum temperature 
* * = Mean maximum temperature 
* * * = Mean minimum temperature 
9 0  
1 9 8 5  RPH predict ive equat i ons using the a i r  
temperature at 3 0 -cm . 
Pl ant ing 
FIRST 10 . 9  
SECOND 3 . 3  
THIRD 6 2 . 2  
Equat i ons 
* *  RPH= . 0 6 3 3 + . 0 0 � � * ( MAX- 2 2 . 9 1 ) + . 0 0 5 2 � 
( MIN- 8 . 9 3 ) + . 0 0 0 j 4 3 (MIN-8 . 9 3 )  
- � 0 0 0 4 2 9 ( MIN-8 . 9 3 )  
* *  RPH= . 0 6 1 9 - . 0 0 2 2 2 ( MAX-2 2 8 7  ) 
+ . 0 0 0 4 7 3 ( �¥- 2 2 . 8 7 )
2
+ . 0 0 12 3 
( MIN-8 . 3 8 ) + . 0 0 0 2 1 7 ( MIN-8 . 3 8 ) 2 
- * *  RPH= . 0 5 4 3 + . 0 0 3 � � �MAX-2 7 . 1 4 ) + . 0 0 0 8 � 1 
( MIN- 1 2 . 5 7 ) + . 0 1 2 6 ( MIN- 1 2 . 5 7 )  
MIN = Min imum temperature MAX = Maximum temperature 
* *  = Mean maximum temperature 
* * *  = Mean minimum temperature 
Appendix H 
1 9 8 4  RPH predict ive equations 
us ing temperature only 
9 1  
9 2  
1 9 8 4  RPH predictive equations us ing so i l  temperatures 
at the 5 -cm depths . 
Pl ant ing 
FIRST 1 0 . 1  
SECOND 1 0 . 6  
THI RD 2 1 . 6  
Equations 
* *  RPH= . 1 1 6 - . 0 14 6 (�X- 2 4 . 7 5 ) - . 0 0 2 3 7  
( MAX- 2 4 . 7 5 ) 3 + . 0 0 1 8 5  * * *  ( MAX- 2 4 . 7 5 )  + . 0 1 0 8 3 ( MIN- 1 3 . 0 7 
* *  RPH= . 0 4 9 3 - . 0 0 4 5 � ( MAX- 2 8 . 1 8 ) - . 0 0 � � 2 
( MAX- 2 8 . 1 8 )  - . 0 0 8 4 1 ( MIN- 19 . 0 8 ) 
- . 0 0 1 4 1 ( MIN- 1 9 . 0 8 1 
+ . 0 0 1 2 5 (MIN- 1 9 . 0 8 )  
* *  RPH= . 0 8 0 6 1+ . 0 0 6� 3 ( MAX-2 7 . 8 3 ) - . � � * 4 5  
( MAX - 2 7 . 8 3 )  - . 0 1 2 8 £MIN-2 1 . 15 ) 
+ . 0 0 3 5 7 ( MINJ 2 1 . 1 5 )  + . 0 0 5 1 5  
( MIN- 2 1 . 1 5 )  
MIN = Min imum temperature MAX = Maximum temperature 
* *  = Mean maximum temperature 
* * *  = Mean minimum temperature 
9 3  
1 9 8 4  RPH predictive equat i ons us ing soil  temperatures 
at the 1 5 -cm depth . 
Pl ant ing 
FIRST 8 . 0  
SECOND 1 5 . 6  
THIRD 1 6 . 6  
Equat ions 
* *  RPH= . 0 9 6 8+ . 0 1 6 8 �MAX-1 9 . 7 0 ) + . 0 0 3 6 � 
( MAX- 1 9 . 7 0 )  - . O O i � i ( MAX-19 . 7 0 )  
+ . 0 1 4 6 ( MIN-24 . 0 3 ) + . 0 0 9 0 7 9  
( MIN- 1 4 . 0 3 )  
* *  RPH= . 0 4 8 5+ . 0 0 5 3 � ( MAX- 2 4 . 7 2 ) - . 0 0 3 � 3 
( MAX- 2 4 . 7 2 )  - . 0 0 1 8 1 �WAX- 2 4 . 7 2 )  
- . 0 0 5 0 1 6 ( MIN- 1 9 . 8 4 ) 
* *  RPH= . 0 7 3 6+ . 0 1 1 9 �MAX-2 5 . 0 4 ) - . O O i l � · 
( MAX- 2 5 . 0 4 )  - . 0 2 3 4 £MIN- 2 1 . 7 6 ) 
+ . 0 1 0 3 0 ( MIN3 2 1 . 7 6 )  + . 0 1 7 3  . 
( MIN-2 1 . 7 6 )  
MIN = Minimum temperature MAX = Maximum temperature 
* *  = Mean ma�imum temperature 
* * *  = Mean minimum temperature 
App endix I 
1 9 8 5 RLER predict ive equations us ing 
environmenta l  variab l es with 
pl ant ing dates comb ined 
9 4  
9 5  
1 9 8 5  RLER pred ictive equat ions for combined pl ant ing dates 
at the di f ferent temperature depths 
Temperature 2 depth R Equati ons 
-5 soil  6 3 . 1  RLER= . 7 8 4 - . 0 5 2 1 � ¥AREA-9 . 2 7 ) + . 0 2 0 3 9  2 . ( MAX- 2 4 . 0 7 ) + . 0 0 2 15 �MAX-2 4 . 0 7 )  
+ . 0 0 0 0 6 1 7 (�X-2 4 . 0 7 ) - 1 . 2 8 8  * * *  ( MIN- 1 4 . 0 6 )  + . 0 4 9 6 �MIN- 14 . 0 6 ) 
- . 0 5 0 9 3 ( MIN- 1 4 . 0 6 )  + . 0 2 1 6RI+ . 2 2 1 3 RI 
( MIN- 1 4 . 0 6 ) + . 0 6 1 5RI �MIN- 1 4 . 0 6 )  
- . 0 1 1 3 RI ( MIN- 1 4 . 0 6 )  - . 0 0 0 1 3 9WIND 
+ . 0 0 2 7 9WIND£MIN- 1 4 . 0 6 ) + . 0 0 0 2 7 3 WIND 
( MIN - 1 4 . 0 6 )  - . 0 0 0 0 9 11WIND 
( MIN- 1 4 . 0 6 ) 3 - . 0 3 9 6PAN- . 0 8 5 1PAN 2 ( MIN- 1 4 . 0 6 ) - . 0 1 8 6 PAN ( �IN- 14 . 0 6 )  
+ . 0 0 8 1 5 PAN ( MIN- 14 . 0 6 )  . 
* *  - 1 5 so i l  6 3 . 7  RLER= . 2 3 5+ . 2 2 3 ( ��- 2 0 . 5 9  ) - 1 . 0 5 2 4  2 ( MIN- 1 5 . 8 0 ) - . 0 � 4 1 ( MIN-15 . 8 0 )  
+ . 0 2 1 7 ( MIN- 1 5 . 8 0 )  + . 1 3 0 7RI - . 0 6 5 3 RI 
( MAX- 2 0 . 5 9 ) + . 2 0 6 3 RI ( �IN- 1 5 . 8 0 )  
+ . 0 0 1 5 9RI ( M!N- 1 5 . 8 0 )  - . 0 0 5 3 6RI 
( MIN- 1 5 . 8 0 )  + . 0 0 0 2 69WIND+ . 0 0 0 8 7 4  
WIND ( MIN- 15 . 8 0 ) - . 1 6 2 PAN- . 0 4 7 4 PAN 
( MAX-2 0 . 5 9 ) - . 0 8 5 4 PAN ( �IN- 1 5 . 8 0 )  
+ . 0 0 3 2 6 PAN (�IN- 1 5 . 8 0 )  + . 0 0 2 19 PAN 
( MIN- 1 5 . 8 0 )  . 
* *  
3 0  a i r  68 . 0  RLER=- . 1 9 0 7 - . 0 7 3 � (MAX-2 3 . 8 4 ) + . 0 2 7 9 3 (MAX-2 3 . 8 4 )  - - � � � 5 1 3 ( MAX-2 3 . 8 4 )  
(Mi�=��;�)���6 o 8 2 �(M���� ��4 ) 3 
- . 0 2 8 5RI+ . 0 4 2 6RI ( MAX- 2 3 . 8 4 ) + . 0 � 7 8  
RI ( MIN-9 . 5 4 ) + . 0 1 2 7RI �MIN-9 . 5 4 )  
+ . 0 0 0 4 2 9RI ( MIN-9 . 5 4 )  + . 0 0 1 9 2WIND 
+ . 0 0 0 7 2 8WIND ( MAX- 2 3 . 8 4 ) + . 0 2 4 8 PAN 
- . 0 6 0 6 3 PAN (�X- 2 3 . 8 4 ) - . 0 0 7 1 4 PAN 
( MAX-2 3 . 8 4 )  - . 0 0 3 17�AN ( MIN-9 . 5 4 )  
- . 0 1 4 4 PAN ( MINJ9 . 5 4 )  - . 0 0 2 9 1  
PAN ( MIN-9 . 5 4 )  
MIN = Min imum temperature MAX = Maximum temperature 
RI = Incoming radiation WIND = W indspeed 
PAN = Open pan evaporat ion LAREA = I n itial leaf  area 
* = Mean lea f  area * *  = Mean maximum temperature 
* * *  = Mean minimum temperature 
Appendi x  J 
1 9 8 4  RLER predi ct ive equations using 
environmenta l variables with 
pl ant ing dates comb ined 
9 6  
9 7  
1 9 8 4  RLER predict ive equat i ons with the three plant ing 
dates comb ined at the di f ferent temperature depths 
Temperature 
depth R2 
- 5  so i l  4 2 . 3  
- 1 5  so i l  4 4 . 0  
Equat ions 
* RLER= . 4 5 1 - . 0 4 9 1 � �REA-5 . 3 9 ) - . 0 0 0 6 7 8 2 ( MAX- 2 7 . 3 0 ) - . 0 � � � 9 (MAX- 2 7 . 3 0 )  
+ . 0 4 5 3 ( MIN- 1 8 . 8 8 ) - . 0 0 1 6 6 PAN 
- . 0 0 0 2 1 7 PAN ( MA�- 2 7 . 3 0 ) + . 0 0 0 0 6 1 3 
PAN ( MAX-2 7 . 3 0 )  - . 0 0 5 9 1PAN 
(MIN- 1 8 . 8 8 )  
* RLER= . 4 6 7 - . 0 4 8 6 ��REA- 5 . 3 7 ) - . 0 0 9 9 1 2 ( MAX- 2 3 . 8 5 ) - . 0 1 � i ( MAX- 2 3 . 8 5 )  
+ . 0 6 2 7 ( MIN- 1 9 . 6 5 ) - . 0 0 9 1 4 RI 
+ . 0 0 2 7 4RI (�X-2 3 . 8 5 ) + . 0 0 2 3 9 RI . 
( MAX- 2 3 . 8 5 )  - . 0 0 4 6 4RI (MIN- 1 9 . 6 5 )  
+ . 0 0 0 0 6 17WIND+ . 0 0 0 0 1 9 4WIND 
( MAX- 2 3 . 8 5 ) + . 0 0 1 1 6 PAN 
- . 0 0 4 4 9 PAN ( MIN- 19 . 6 5 )  
MIN = Minimum temperature MAX = Maximum temperature 
RI = Incoming radiat i on WIND = Wind speed 
PAN = Openpan evaporat ion LAREA = Initial lea f area 
* = Mean l ea f  area * *  = Mean max imum temperature 
· * * *  = Mean minimum temperature 
Appendix K 
1 9 8 5  RPH pred ictive equations using 
environmenta l  var iab l es with 
pl ant ing dates comb ined 
9 8  
9 9  
1 9 8 5  RPH predictive equati ons for combined pl ant ing 
dates at the di f ferent temperature depths 
Temperature 
depth R2 
- 5  s o i l  8 8 . 4  
- 1 5  so i l  8 9 . 0  
3 0  a i r  8 8 . 8  
Equat ions 
* RPH= 1 . 7 9 3 + . 4 4 4 � ¥AREA-9 . 2 7 ) - . 0 4 1 5 
( MAX- 2 4 . 0 7 ) - . 0 6 0 4 1PAN 
+ . 0 0 7 8 6 PAN ( MAX- 2 4 . 0 7 )  
* RPH= 1 . 8 2 3 + . 4 4 3 � ¥AREA- 9 . 1 7 ) - . 0 5 6 7  
. ( MAX- 2  0 .  5 9  ) - .  0 6 6 3 PAN 
- . 0 1 1 2 PAN ( MAX- 2 0 . 5 9 )  
* . RPH= 1 . 8 5 1+ . 4 4 2 � ¥AREA-9 . 2 2 ) + . 0 1 5 7  
( MAX- 2 3 . 8 4 ) - . 0 6 4 3 PAN 
MAX = Max imum temperature PAN = Open pan evaporat ion 
LAREA = Initial lea f area * = Mean l e a f  area 
* *  = Mean maximum temperature 
Appendix L 
1 9 8 4  RPH pred i ct ive equat ions us ing 
environmental var ibles with 
plant ing dates comb ined 
1 0 0  
1 0 1  
1 9 8 4  RPH predictive equati ons f o r  comb ined pl ant ing dates 
at the di f ferent temperature depths 
Temperature 
depth 
-5 so i l  
- 1 5  so i l  
9 8 . 1  
9 8 . 2  
LAREA = Initial lea f area 
Equat ions 
* 
RPH=1 . 0 6 1 9 + . 4 9 3 ( LAREA- 5 . 3 9 ) 
* 
RPH=1 . 0 7 9 4 + . 4 9 2 ( LAREA-5 . 3 7 ) 
* = Mean leaf area 
Appendix M 
19 8 4  and 1 9 8 5  dry matter product ion 
during the seedl ing growth phase 
1 0 2  
1 0 3  
DRY MATTER PRODUCTION , g plant - 1  
S ampl e  Dates 
1 9 8 4  June June June June July July August 
Pl ant ing Date 7 1 8  2 2  2 9  6 2 0  2 
May 1 1 . 3 7 . 7  3 3 . 3  
May 15  1 . 8 2 2 . 9  
June 2 5  15 . 5  1 3 0 . 2  
1 9 8 5  June June June July July 
Pl ant ing Date 3 14  2 8  5 19 
May 1 6 . 8  2 6 . 7  
May 1 5  2 . 2  . 2 2 . 2  
June 1 0  9 . 1  9 1 . 1  
